SUMMARY
INTRODUCTION
Cardiovascular diseases (CVD) are the leading causes of mortality in Brasil and in the world. In 2003, 32% of 69% of the well-defined deaths in Brasil were due to CVD
1
. According to the World Health Organization (WHO) 2 , in 2030, 23.6 million people will die from CVD. Factors related to CVD can be of biological and/or behavioral nature 3 . Surgery is one of the therapeutic options. In Brasil, 63,529 heart surgeries were performed between 2005 and 2007; while in 2011, they went up to 100,000, showing a significant increase in the number of these procedures. There are 170 centers all over Brasil, with more than 1,000 surgeons associated with the Brazilian Society of Cardiovascular Surgery
4,5
. Despite the high direct and indirect costs, there are few sources of information with high-quality data collected systematically to monitor the procedures and outcomes of these patients. There is no system to monitor adverse events of cardiovascular surger-ies following international quality standards yet. The registries started to be used in the clinical practice due to the need of using clinical and evolution history of these patients 6 . A high-quality medical record helps to monitor and improve the patients' health, describing the epidemiological and clinical characteristics of the diseases and the assessment of the interventions 7 . Electronic technology improved the registry and facilitated the communication between doctors and patients, among health providers, and the access to medical information 8 . Barriers like costs, inappropriate medical information, lack of standards, patient privacy, knowledge, and data management still need to be surpassed 9, 10 . Electronic databases are not adopted in several medical and academic centers yet 11 . The use of validated data collection tools and forms based on standards make it easier to visualize and share these data, as well to participate in multicentric studies 12 . REDCap (Research Electronic Data Capture) is a web-based software solution with tools that reliably create online forms to capture, manage and analyze data during the process of investigation
13
. REDCap allows data to be collected in an offline environment and synchronized in the REDCap server when it is connected to the Internet
14,15
. Our aim was to create and implement a computerized clinical record.
METHODS

Study design
A prospective, observational registry-based study, aimed to record cardiovascular variables, surgical procedures and extracorporeal circulation (ECC), as well as the clinical evolution. The longitudinal follow-up of the patients will happen from the moment of the procedure until hospital discharge, at thirty days, six months, twelve months and annually until completing five years.
Sample/target population Adult patients submitted to cardiovascular surgery in Santa Maria University Hospital (SMUH).
Inclusion criteria
Patients who are 18-years-old or older from both sexes, suffering from cardiovascular disease and submitted to the following surgeries will be included:
• Myocardial revascularization surgery • Valve surgery • Aorta surgery • Surgical correction of congenital disease in the adult
Outcomes of interest
Mortality from all causes and cardiovascular events (reinfarction, stroke, fatal and non-fatal cardiac arrest, and mortality for cardiovascular cause) during the hospitalization and up to thirty days, six months, twelve months and annually until completing five years.
Ethical aspects
The clinical study described in this paper was conducted under the principles of the current revision of the Declaration of Helsinki and the most recent version of the Guideline for Good Clinical Practice (ICH-GCP), as well as the Resolution 466/12. The study was developed in compliance with Brazilian legal and regulatory requirements.
The names of all participants were kept as confidential. They were identified in the documentation and during the evaluation by the number assigned to each one in the study. It was guaranteed to the patients that all the findings were stored in computers and handled according to the strictest rules of confidentiality. All the data collected and stored in the registry were screened. This screening will have the function of guaranteeing that no patient identification data will be shown in the final version of the registry, following international requirements for privacy of clinical data. The de-identification of the database is made through the transformation of all the dates in intervals with reference to a random date randomly selected and stored by the individual responsible for the data management. Geolocalization data were modified to respect the national and international data safety rules. For storage in Research Ethics Committees (REC), only the three initial digits will be kept, following HIPAA (Health Insurance Portability and Accountability Act) rules. However, as the Brazilian rules do not require the storage of REC 3 digits only, a secondary bank with five digits was kept in our server, protected for the exclusive use of computers with a national internet protocol (IP) address.
The study was submitted and approved by the Education and Research Department of SMUH under the number 046/2016 and by the REC of the Institute of Cardiology/University Foundation of Cardiology (ICUFC) under the UP number 5017/14. All the patients who will participate in the study will sign the Consent Form (CF).
Risks and benefits
There will be no any additional risks to the patients neither to the institution due to inclusion in this study, considering that this is an observational registry-based study. Therefore, it does not submit the patients to any intervention that is not correctly indicated and implemented by the assistant doctor, in his/her usual clinical practice procedures. There will be no additional costs or discomfort to the patients.
RESULTS
The outcomes of the development and implementation of the CardioCEC clinical registry will be shown in steps (Figure 1 ).
Creation of the CardioCEC clinical registry
Given the need to monitor the high number of high-cost procedures and to evaluate the outcomes of these patients in SMUH, we decided to create and develop an information source with data collected in a systematized and high-quality way.
Software
We used the REDCap (Research Electronic Data Capture) software for collection and storage of the research data. Data were physically stored in a server located in ICUFC, in the department of informatics of the institution and protected by the firewall of the ICUFC network and the REDCap access permission system itself ( Figure 2 ). The infrastructure requirements, such as a web server that offers support to PHP, a MySQL database server and Secure Sockets Layer (SSL) connections, need to be present (http:// project-redcap.org/).
Variables standardization
Initially, the variables and the standardization of the nomenclatures were defined in order to guarantee that the data input into the registry was compatible with international databases. The variable standardization was followed international references from the American College of Cardiology Foundation (ACCF), the American Heart Association (AHA), the Society of Thoracic Surgeon (STS), The Michigan Society of Thoracic and Cardiovascular Surgeons (MSTCVS) and the SUS Department of Informatics -DATASUS. International scope variables that are usually used for the connection with vast repositories of global databases were included. The standardization was made in English, and an interface in Portuguese was implemented to make the data collection easier in the institution.
Inclusion of variables
The CardioCEC database has 553 variables distributed in 12 data collection tools, standardized according to international references, allowing for the participation in multicentric studies (Table 1) .
Data collection logistics
The data collection of the patients will be made by a skilled team engaged in the procedure (CRF, case report forms). The CardioCEC Clinical Registry will be accomplished through internet and intranet access through any computer of the hospitalization units, or the thoracic surgery room, or through the REDCap app, and all the information collected will be input into the system.
All the patients who meet the eligibility criteria will have their data collected following the CF signature. The data of the patients will be filled out in the clinical chart preferably in the day previous to the surgery (demographic data and admission, preoperative). The surgical procedure (intraoperative) will be informed in the period following the discharge from the intensive care unit (ICU discharge). The prospective data will be informed until the hospital discharge or up to seven days. The clinical follow-up chart of 30 days, six months and 12 months, as well as the annual follow-up, will always be filled out within seven days. The hard outcomes will be obtained through the medical record or a telephone call to the patient, family member or third party.
The team may collect information on the patient's mortality and major cardiovascular events through a telephone call to the patient, a family member or a third party, or from the patient's medical record.
Bias prevention
It is essential to have a mechanism to reduce the possibility of data entry errors. With REDCap, we restricted the format/type of data and established inter- vals for numerical and date fields, thus allowing data validation. Problems with data consistency, like the wrong types of data, out of reach values and outliers for numerical fields can be reported using the module of quality of data. Besides, we apply predefined rules that make it easier to identify discrepant data value, which is quite important because the project has several variables. Several procedures guarantee the appropriate control of systematic errors (biases) and assure the methodological quality of the registry, amongst them:
• Successive sampling;
• Blinded evaluation of outcomes;
• Prevention of losses during the follow-up;
• Use of partial reports of quality of data;
• Use of electronic signature.
Data management
The Santa Maria University Hospital (SMUH) is responsible for the management of the data registry, whose information will be collected through electronic forms.
System of data entry
The data management will be accomplished using the REDCap (Research Electronic Data Capture) system. The case report forms (CRFs) will be transcribed through web medical records and will be included in a validation database.
Case report form
The study's CRFs will be filled out and sent through internet/intranet or web; the electronic signature is available through the access with a personal and non-transferable password.
Data quality control
For the quality control of the data, the following strategies are used:
• Training for data collection;
• Standard operational procedures handbook for each step of the protocol; • Electronic CRF: aiming to prevent the occurrence of incomplete (mandatory data) or inconsistent data, or containing non-plausible values from the biological point of view; • Central checking of data through statistical analysis to check possible inconsistencies; • Quarterly reports of screening, recruiting, data quality, compliance to the protocol, consistency and filling out of collection forms.
DISCUSSION
The development and the implementation of the CardioCEC Registry were due to the need for identification of the outcomes from different techniques and equipment/materials used for cardiovascular surgical procedures. The planning of the database used variables recommended by interna- tional organizations, thus allowing the interoperability of the data 12 . The involvement of the cardiovascular surgery multidisciplinary team through meetings and training favors the success of the registry's implementation. The assignment of distinct levels of access to each one of the members of the research team brings safety to the appropriate use of the database. The possibility of data tabulation in an offline environment in the REDCap mobile app favors the compliance 16 to the filling out of the CardioCEC registry.
Mechanisms used to prevent systematic errors will be extensively studied. The branching logic used rendered more coherent and rational questionnaires
14
.
The automatized reports of data quality data give the researcher absolute control over the quality of the records made
17
CONCLUSION
The CardioCEC Registry is the first Brazilian electronic registry with several variables related to ECC, which are recommended by international repositories, allowing the interoperability between major national and international institutions, presenting relevant data in the conduction of the ECC in cardiovascular surgeries, as well as in the evaluation of the primary outcomes in this group of patients.
The registry has excellent potential for research in the field and allows for a significant contribution to the development of new technologies and innovations in the field of and cardiovascular surgery.
